Cross-regional collaborative innovation is the inevitable choice for the in-depth development of the integration of regional economics. Based on the existing bibliography, this paper provides a systematic and brief review on the studies and progress related to inter-regional collaborative innovation from three aspects, including the multidimensional proximity, knowledge and technology transfer, and innovation clusters. This paper also offers recommendations for future studies, concerning the role of government in the collaborative system, national innovation platform's construction and operation mechanism, measuring effectiveness of cross-regional collaborative innovation.
Introduction
With the in-depth advances in economic globalization and knowledge capitalization, a new round of technological revolution is springing up. As China is in the new stage of economic development and new and old kinetic energy conversion, the in-depth implementation of cross-regional collaborative innovation is the essential requirement and strategic measures to enhance national innovative capabilities and to promote high-quality economic development. However, as the traditional administrative divisions over emphasize the local interests, the unrestricted flow of innovation factors have been seriously hindered, which exerts negative effects on the improvement of innovation efficiency and the development of regional economic integration. Breaking the administrative barriers to achieve cross-regional collaborative innovation has become the inevitable choice for Chinese economy to achieve a new leap.
Scholars have different definitions of regions. Western scholars emphasize the specific geographical, historical and cultural factors of regions, while Chinese counterparts emphasize cooperation within administrative regions based on different policies of administrative regions. The development of regional economy has become more and more demanding for resource integration and the merging of multi-disciplinary. Traditional economic regions and administrative standards have greatly restricted regional innovation. The lack of sufficient collaborative innovation and cooperation among regions and the lack of horizontal, vertical and spatial integration of relevant industry chains and knowledge chains hinder the effective allocation and free flow of innovation elements, resulting in a series of problems, including the coexistence of information surplus and lack of knowledge, low spillover rates of knowledge and technology, and difficult deep cooperation between various innovation entities. This paper systematically presents the latest research findings of collaborative innovation, which is of great significance for further understanding the theoretical basis of cross-regional collaborative innovation, and helps researchers grasp the dynamics and essence of relevant studies. Meanwhile, it is expected that the results of this paper will provide some inspiration for the cross-regional collaborative innovation from gradual implementation to improvement.
Review and Statement on Literature
Collaboration is the highly efficient cooperation among various subsystems in the framework, making the structure and function of the system from being disordered to being in order, and then to a higher-level system. There is no unified definition of the connotation and crucial elements of collaborative innovation. Scholars define from different aspects, like the common goals achieved through individual synergy innovation, significant value generated by the synergy between the old and new organizations [1] , and technological innovation and goal orientation [2] . Based on the previous studies and the dynamic mechanism of collaborative innovation, this paper believes that cross-regional collaborative innovation is an overall efficiency-optimized process generated by various innovation subjects through the interaction and cooperation among their innovative resources and crucial elements. Those various innovation subjects (such as government, universities and research institutions, enterprises, etc.) are organisms which cross organizational, geographical and institutional boundaries based on their respective interests and needs.
The Influence of Multidimensional Proximity on Cross-regional Collaborative Innovation
Proximity refers intuitively to geographical proximity, that is, the distance of the innovative subject in physical space. This distance can be measured by absolute distance (such as Euclidean distance [3, 4] , spherical distance [5] ), or can be expressed by traffic time [6] or cost, or subject perception [7, 8] .It is generally believed that geographically adjacent subjects, due to frequent and convenient communication, not only reduce transaction costs, but also provide easy transfer of complex knowledge and technology between collaborative subjects and regions [9, 10] ,which significantly improves the transfer degree of knowledge and technology. The invisible channels established in the process bring new vitality to collaborative innovation, thereby promoting synergy across regions.
Since the first application of proximity to innovation in 1999, the studies on proximity have gradually expanded from single geographical proximity to multi-dimensional proximity, among which the most influential is Boschma. He, as the first one, analyzed proximity from five dimensions, including cognitive proximity, organizational proximity, social proximity, institutional proximity and geographical proximity as a whole, and points out that the proximity of the five dimensions has an alternative or complementary relationship [11] . Domestic scholars use patent data as the main source for multi-dimensional proximity research, while other data sources, such as paper co-authoring and questionnaire surveys, are seldom used. The main proximity dimensions include geographical proximity, cognitive proximity, institutional proximity, economic proximity, cognitive proximity, social proximity, organizational proximity and technological proximity. These indicators vary in the modes of exerting effects on cross-regional collaborative innovation. Summarizing the studies of different scholars, this paper believes that the role of geographical proximity gradually decreases with the increase of informatization and traffic convenience, but its impact on cross-regional cooperation still exists [8] . Institutional proximity still plays an important role between countries [12] and between China's provincial regions [13, 14] , but has little effect on the coordination among regions within developed countries. This shows that the impact of administrative barriers in China does exist. Economic proximity, similar to institutional proximity, imposes little influence on the coordination among regions within developed countries [15] , but plays an important role in promoting cross-regional collaborative innovation in China [9, 16] . There is an inverted U-shaped relationship between technological proximity, knowledge proximity and cross-regional collaborative innovation [4, 17] . In another word, a certain degree of technological and knowledge proximity will promote cross-regional cooperation; but with technology and knowledge homogenization, cooperation performance will gradually decline.
Studies on proximity are widely applied in the research of regional innovation and knowledge spillover. Relevant research results have laid a solid theoretical foundation for the development of this field. However, there are no agreed standards for the definitions of some concepts. Clear definitions of concepts contribute to the further development of empirical research. Meanwhile, there are many literatures about the proximity of certain dimensions from static angles. Therefore, future research can be based on dynamic perspectives. With time passing by or revolution of cooperative stage, future research can explore the evolution process and laws of each dimension's proximity and their interactions as a whole.
Knowledge and Technology Transfer
Due to the spatial agglomeration amongst the regional innovation activities, scholars study the impact of agglomeration from industrial and regional perspectives, and define the returns from the outside of an organization and the inside of an industry as Marshall-Arrow-Romer (MAR) spillover effect, pointing out tacit knowledge transfer and knowledge stock levels are important factors affecting spillovers. Since then, scholars have analyzed the spillover paths and effects between industries and regions from the perspectives of knowledge and technology transfer and absorptive capacity.
The research on knowledge and technology transfer by Chinese scholars are mainly focused on two categories: one is the research on the collaborative mechanism, innovation performance and intellectual property of knowledge and technology transfer mainly in enterprises and carried out in the form of questionnaire survey; the other one is the province-based cross-regional knowledge and technology transfer path and mechanism. The data sources are in various forms such as patents, academic papers and various statistical reports. In the study of technology transfer, for example, scholars have carried out research on this transfer in stages, pointing out that the cooperation between international and domestic universities in the first-line regions in 1999-2004 has a positive impact on the innovation of local enterprises. The positive spillover effects of this cooperation in 2005-2012 spread to second-tier regions, but international cooperation is negatively correlated with innovation among firms in the least developed regions [18] . Further, the path of technology transfer follows the transition from high-input regions to low-input ones, while provinces that introduce more advanced technologies from abroad have more patents in China [19] .
Most studies focus on shifting from high knowledge and technical level to low level, or one-way information communication and flow from developed areas to underdeveloped areas, while few scholars incorporate recipients' information feedback and subject interaction into research areas. The process of transfer is affected by many factors, such as the degree of trust between the two sides, the ability to absorb, etc. At this stage, there are many researches on the channels and patterns of knowledge and technology transfer. Few studies are carried out from the micro level of personnel mobility.
Cross-regional Innovation Clusters
The cluster research was originally an extension of the research on geographical proximity. It can be traced back to Marshall (1890)'s pioneering study on industrial clusters' promotion in the development of enterprises from the aspects of knowledge spillover, human capital accumulation and market forward-to-back integration. Due to the externality of the cluster economy, the frequency of innovation among enterprises in the cluster is significantly higher than that of other places. The concept of innovation clusters is gradually adopted in the research of innovation policies. In 2001, the OECD called the innovation cluster a simplified national innovation system, and defined it as a strategic alliance or other forms of collaboration formed by universities, enterprises, research institutions, intermediary organizations and other entities through the industrial chains, value chains and knowledge chains.
From the perspective of industry [20] , region, and country [12] , scholars point out the contribution of geographic clusters and Research & Development clusters to industrial and national economic growth from the angle of spatial externalities of cluster economies. In particular, compared with the impact of intra-industry clusters, the upstream industry has a more obvious effect on the improvement of enterprise productivity. Due to the effect of the diminishing returns to scale, the size of the cluster is not as large as possible. As the scale increases, the economic benefits brought by the cluster gradually decline due to traffic congestion, labor costs, etc., and even completely offset the benefits of the cluster. Cui HU et al., for example, pointed out that industrial agglomeration contributed 14% in the growth of total factor productivity in China's industrial sector during 2000-2007, but traffic congestion and fierce competition partially offset the benefits of clusters [21] . Scholl et al. based on cluster data of 23 industries in the EU system, pointed out that enterprises in the cluster, especially start-ups, benefit from a higher innovation and competitive environment, but their growth prospects are hindered by the concentration of employment in the industry [22] . Foreign research on cross-regional innovation clusters has shifted from the aspects of concept and mechanism to case studies and empirical research fields, while domestic research is still at the level of qualitative research on influencing factors, formation mechanism and dynamics of cross-regional collaborative innovation networks in innovation clusters, which is a lack of systematic research on the results of cluster space output effect, and the attention to the policy of promoting cluster development is insufficient. In the future, the existing theoretical system should be expanded by studying how the coupling relationship between the actors in innovation clusters can realize the self-organization evolution of the super cycle, as well as the factors that promote and hinder the construction of innovation clusters' network system.
Further Research
This paper firstly combs the relevant research on the cross-regional collaborative innovation in the early stages, and then carries out the framework research from the three aspects of collaborative innovation. According to the results of the review, although many researches have achieved some valuable results, cross-regional collaborative innovation is still an emerging research field, far from mature, and related issues need to be further studied.
Cross-regional Collaborative Innovation Mechanism
From the collaborative innovation of the main entity within the region to the cross-administrative innovation beyond the regional boundaries, the collaboration between the entities may be transformed from a linear relationship to a non-linear relationship, and the path of interaction may be a complex network structure. Clarifying the action mechanism of cross-administrative regional collaborative innovation provides direction and foundation for further research on this innovation related issues. Therefore, it is a fundamentally important question to explore the mechanism of collaborative innovation across administrative areas from a theoretical or empirical perspective.
Construction of Cross-regional Collaborative Innovation Platform
Innovation organizations at the national level should be established to facilitate the establishment of cross-regional collaborative innovation platforms. Here are two problems worth studying. One is the innovation organization construction and its function definition, and the other is the innovation platform construction and its operation mechanism. Each collaborative entity realizes technology transfer and knowledge spillover by leveraging its own innovation advantages and relying on national key institutions, so as to promote the orderly development of cross-regional innovation system. With the development of information technology and various virtual platforms, we draw on the experience of physical platforms and local virtual innovation platforms to establish an cross-regional virtual and intelligent innovation platform. To promote the coupling of technology, institution and knowledge innovation within and among entities from the angle of system, in terms of organization, system, strategy, etc., so as to strengthen the internal complementarity of innovation elements to accelerate resource sharing and technology diffusion, and promote collaboration efficiency.
Performance Evaluation of Cross-regional Collaborative Innovation
Cross-regional collaborative innovation performance evaluation. The performance evaluation of collaborative innovation not only provides a basis for clarifying the coordination degree and mechanism of each entity, but also helps the government optimize the allocation of various resources and coordinate the proportion of intra-regional and cross-regional cooperation. Compared with intra-regional collaboration, the construction of an indicator system for cross-regional collaborative innovation is more complicated. Most scholars currently use the number of cross-regional cooperation patents, the number of co-authored papers, or both to characterize the performance of collaborative innovation, but this only considers the number of collaborative innovations, while ignoring the quality as well as the resources investing in innovation. Future research should establish a scientific indicator system using a variety of methods to evaluate cross-regional collaborative performance, identify key factors affecting efficiency to promote the efficiency of the cross-regional collaborative innovation.
